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1.0 INTRODUCTION

Because of the relatively 1low tolerance of the human body to
forces parallel tc the spine, survivable helicopter accidents,

in which sufficient living space is maintained by the airframe
structure, may impose injurious forces in the vertical direction.
Because insufficient crush space is available within the floor
structure of helicopters and light aircraft, the seat must play
a significant role in attenuating these potentially injurious
forces to tolerable levels. Recently developed helicopters such
as the U,S. Navy's SH-60B Seahawk and the U.S. Army's UH-60A 3
Black Hawk and AH-64A Advanced Attack Helicopter are equipped '
with seats that have built-in vertical energy—-abscrption systems.

g Lkt

Presently, fixed energy absorber limit loads are set for the
50th-percentile occupant, under the crash conditions of the 95th-
percentile survivable accident. A heavy (e.g., 95th-percentile)
occupant in the same crash conditions may bottom out at the

i e

end of the strcking distance. Conversely, a light (e.g., 5th-~
percentile) occupant will not be able to take advantage of the
full stroking distance available and will be subjected to accel-
erations of higher magnitude than desirable.

The objectives of this program were to analyze, design, develop,
and test variable-load energy absorber concepts. The development

of variable~load energy absorbers will make it possible for the

limit load of an energy-absorbing seat to correspond to the occu-
pant's weight, thus providing optimum crash protection within a

given fixed stroking distance.

This report describes the efforts undertaken by Simula Inc. to
achieve the above-stated objectives under Contract No. N62263-79-
C-1241 for the Naval Air Development Center. The major concepts
investigated were the wire-bender energy absorption system, a ‘
passively controlled hydraulic energy absorber, and energy ab- 5

sorption via additional deformation of an inversion tube.
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The following sections present the requirements, applied cri-
teria, design, development, and testing of the selected variable-
load enerqy absorber concepts and methods of variability control.
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2.0 DEFINITION OF TERIS

The following text defines key words used in this report which
might not otherwise be familiar to the reader.

Energy Absorber (E/2), Load Limiter,

Load Limiting Device, Attenuator

These are interchangeable names of devices used to limit the load

c.oucture to a preselected value. These devices absorb en-
ergy by providing a resistive force applied over a deformation
distance without significant elastic rebound.

Limit Load

In a structure, limit load refers to the load the structure will
carry before yielding. Similarly, in an energy absorbing device,
it represent: --= 123d at which the device deforms in performing

its functicn,

Companiocn Energy Absorber

In a variable-load energy absorber, the total limit load may be
the sum of the loads from two sources, one source being a fixed
primary energy absorber, the other being a variable~load energy
absorber. In such a case the fixed~lcad energy absorber is said

to be the companion of the variable~load energy absorber.

Occupant Vertical Effective Weight

This is the portion of occupant weight supported by the seat with
the occupant seated in a normal f£light position. This is consid-
ered to be 80 percent of the occupant weight, plus equipment and
clothes carried above the knees, since the weight of the feet,
boots, lower legs, and part of the thighs is carried directly by
the f£loor through the feet.

T, . A " o R e 2
b . - Lyt .
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Incremental Control

This is a means of limit load control on an energy absorbing de-
vice through engagement or disengagement of mechanisms in dis-
crete increments, e.g., engagement of different numbers of wires
in a wire~bending type energy absorber.

Infinite Control

This is a means of limit load control through which continuocus
adjustment can be made throughout a specified range.

Normal Force

Normal force is defined as force in a direction which presses

friction surfaces together.

——|
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3.0 REQUIREMENTS AND ASSUMPTIONS

The variable~-load energy absorber program was reguired to comply
with the following conditions:

The variable-~lcad enerqgy absorber was reguired to be
designed for the 5th- through 95th-percentile occupants
exposed to the 95th-percentile survivable crash pulse
in the vertical direction.

At the time this program was begun, criteria specified
a 14.5-G vertical 1limit 1locad as an optimum for the
range of occupant size, For purposes of this study,
possible differences in dynamic response and decelera-
tion tolerance among occupants of different weight were
neglected.

Energy absorber limit load could be varxied continuously
over the range required to decelerate S5th- through
9Sth-percentile occupants at 14.5 G. Alternatively, as
few as three discrete levels could be selected to cover
that range in three bands.

Control o¢f the energy absorber could require either
conscious action on the part of the occupant (active
system) or no action (passive). Emphasis was to be
placed upon active systems.

Electronic devices were not to be used as part of the
weight-sensing or control mechanisms,

The variable~load energy absorber concepts were re-
quired to be retrofittable to crewseats in the SH-60B
(LAMPS) Seahawk, UH~60A Black Hawk, and AH=~64A Advanced
Attack Helicopters.,
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The fullowing criteria wetn consldored in the design of the sys-
tems |

L J

Inturchanyrmability of energy absorbers,

Configuration modification of energy absorber (i.e,, it
is not denirable to change the stroking length by any
apprgciable amount or tha fixed length between the rod
gnde which are the attachment points for the device).

Cigarance for the actuation machanism at the energy ab-
surhars and at the occupant control, taking into con-
sidaration the wurrounding area and the stroking and
vartival adjustment of tho bucket.

Ocgupant, control location, Control should be easily
asesunible and adjustable either by feel (incremental)
or by sight (infinite).

Caltbration of guntrul aystem (L.c., synchronization of
Louvh E/As with each other and with the control adjust-
mint Lo shkeule Lo accuracy of the desired load and the
luoal duliverud).,

Rimpliivy, 4.0, hegping parts simple and to a mini-
M,

Up:  of standard ttoems whurever pogsible, thus mini-
mizinyg thy manufacluring couty.

Fackaying of the variable-load energy absorbers within
Lha vylupe wf tha axisting fixed-load enecrgy absorbers.

Lasu ! assamhly (pooduction).

Petuniiviaijily wi dihsigy abuorbersg in the field and
wany 9f installatlioun,

Malntenancy frlyge wr minimal porlodic maintenance re-
qulirud,

Ligw wumt ,
Liaw walyght,

bupandab LIty and Jultabli) vy,

i
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4,2,1 Friction Versus Plastic Deformation

Energy absorbher concepts which rely heavily upon friction have

been shown in the past to be unreliable. Unacceptable locad var-

iations result from changes in friction cocefficient and normal

force due to changing conditions of surface finish, lubricants,

contaminants, aging, vibration fretting, corrosion, and toler-

ances.

All concepts which were considered emphasized plastic deforma-

tion. Friction forces, if present, were considered incidental to

the design and were minimized.
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5.0 COHTROL

5.1 TYPES OF CONTROL

The original inptention was to study twy Lypes of cohLrol systems,
passive and active. Thesw, anrd a third, hybrid system called acge~
tive without saleacticn (AWB), are discusmsed 4in the fullowinyg

texe,.

$.1.) Pausive Control

No action or aven awareness on the part of the oudupant would bLe
required f£or & passive system, Compensation for the effegtive

weight of the occoupant, as well as his equipwent, would de Jiie=
matic.

5.1.1,1 Acceleration-Sehuinyg Couptiol. An a hydiaulis eheryy al-
sorber, autumatic cuntrul Cwult Lo aucomt)iehed Ly a deunleratioyn-
Benging sorvo valve usad Lo Lhrottle Lhe Tlow of hydraully flulag,
A portion of the prawsurizod flutd within Uke anaryy abmoile
would be Lled oft and usud Lo puwgr Lhe amplifler steyo ol (e
gervo valve. Tho high freguancy raspunes of such a suiyo valys
iu a gulfficiontly Qifficult problem Lu be Lthe mola pul)act of an

extensive duvalopwant. program, and was outside Lhu gogps Qf Lhis
project. Alwy, a hydraulje cylinder, unlass L is capable of
telescoping by means of multdjls concentric tubue r by a calbile
and pulley arrangoment, could not jauvide the nacgsmary stiouke,

and therefore was unsujtable for ratrofit purpusan,
No other practical acceluration-sansing continl duvicus woly gn-

vigioned, Ilnertia-opurated nuchanleal duvices Ware Judgod Tncajp

able of wulficlunt avcuracy wi TLuyuuney Lu@ponsu,

S.l.1.3 Welght=benninyg coptyol.  The affuctivae wajght wt Vhe ues
cupant plus egudpmant could by sunbad (p U folluwing locatlivnug

9
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® 3daat 2uahinn
® VYertisal=adjusctment maechaniam

e FEnergy ahmorbar(sd),

1f sensed at Lhe cushien, the total weight must be computed as
the inteyral of pressurs over all contact area between the occu~

pant and gushien. HNo practical means for meeting this require-~

mant was conselvad,

Thae sensing of waight at the verticel-~adjustment mechanism would
e desirsble Lecvauss relative motion and locking is already a
faature provided by this device., #Seats that have been designed
by Simula Ine. have ene eingle vertical-adjustment mechanism
whiclh jnine hoth energy absorbars to the bucket, thus only one
wulyht-ascnpeing device is nucessary Lo control bhoth energy ab-
This appruach would be praferred for pow scat designe)
ap retroutfit would roguire

aslharn,
Lut was not dasirable Lo Lhiw program,
sxlunwive lteplavemgnt of palte 1o the vertical=-adjustinent mecha-

nimm Ln additiun Lty Lho gnargy absorbers.

sulluble lycation for the waight sensor appeared to be
The wulght-sunsing function

The must,
upon wne it buth enaryy absorbery,
would be purturmad by a spring device, thoe defloection of which is
(upeitiunal tu the downward force upon the bucket. Total move-
munl uhv Lhy wrde) of 1/2 Ln, was considurod. A problem with this
pystun wan that the pet downward foree upoen the buckot may not
bu prapuitivnal o the dusiied maws paramgter, Vibrations and
Llight Juads rosulting from mansuvers, i pospibly even freetall,
Lufure a <iash may gauwy urlohoous woiyht sonsing, One

jravant fng thiv would ba Lo dampon the wolyght-sensing

BuCUIl e
mgthoud of
A vory povwerful viscous furce would ho nocuusary to pre-
the motion of

duyiuy,
vuant unwan'ed transiunt. dafloctionu, uspeclally of

Lhe suneinyg device in lary than 1/2 315,
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Inaccuracies of deadband or hysteresis caused by ordinary mechan-
ical friction in the control system were not considered to be a
problem because of the presence of vibration.

In emergency situations where the seat becomes occupied a brief
time before takecff, the highly viscous damped control system may
not reach equilibrium before takeoff of the aircraft.

An automatic inertia-operated locking feature is required of the
control mechanism at the onset of a crash to prevent the control
from being "fooled" into believing that the occupant is suddenly
becoming more massive than he really is.

To date, the seats which Simula has manufactured have not been
entirely free of friction during vertical adjustment. The roller
bearings with which the bucket adjusts vertically may encoun-
ter slight irregularities in the guide tube on which they roll,.
There may also be a condition of contamination of the guide tubes
with dirt and debris which would cause more undesirable friction
and load. Any additional friction such as this is undesirable
and would create a false interpretation of the actual lcad by the
weight-sensing mechanism. '

5.1.2 Active (Control) Without Selection (AWS)

In this scheme the limit load would be selected automatically,

but the occupant would be required to lock that setting. This
approach would prevent the occupant from either accidentally sel-
ectiny an incorrect Jload or consciously subverting instructions
in order to provide a 1limit 1load which he feels is "safer.,"

Once locked, the limit load would be unaffected by variations in
net force on the weight-sensing device which might result from
flight loads just prior to a crash, or from inertial loads at the
onset of a c¢rash, Friction such as discussed in Section 5.1.1.2

would sti1ll be a problem.

11
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5.1.3 Active Control

An active control system would require an occupant to select an
energy absorber load setting to correspond to his weight, This
action would be performed during the preflight check by rotating
a dial (infinite control) or positioning a lever (incremental
control) located accessibkly on the seat bucket or frame. The
dial or lever would control both energy absorbers simultaneocusly
through some type of linkage, most likely flexible shafting or
flexible push-pull cable.

The single-point control for both energy absorbers is recommended
over a system which would require adjustment of each energy ab-
sorber independently. The latter system would be clumsy because
of the inaccessible position of the energy absorbers on the back
of the seat,

Survival eguipment carried on an occupant's body may alter the
effective stroking weight significantly. It was therefore de-~
cided to permit the occupant to compensate for this wvariation in
weight as he selects the proper limit locad. His estimation of
the weight of the egquipment he carries may be a source of exror
of perhaps +5 1b.

5.1.3.1 Requirements for Active Control System. aAs indicated

previously, the locad-varying mechanism at the energy absorber
would be controlled through flexible cable from a lever or dial
located accessibly on the seat bucket., With this control system,
accuracy of the input-output function through the cable becomes a
consideration.

Some energy absorbers require control in discrete increments such

as the engagement of different numbers of wires in a wire-bending
or wire-drawing mechanism. For instance, a spring-loaded detent

12
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could be provided for each increment at either the energy ab-
sorber or at the input lever or dial. It was found to be prefer-
able to locate the detent at the energy absorbers in order to
minimize the effect of inaccuracies in the control cable. For
three or four increments of load, the pilot should be able to set
the control input lever by feel without need for visual indexing.

For infinitely wvariable energy absorber controls, a method of
visual indexing at the input end of the cable would he required.

This input index must be synchronized to the wvariable-load mech-
anism, requiring precise input-output motion. Push-pull flexible
cable is not suitable for this because it is inherently imprecise
even with spring preload to reduce the slack; for any given input
position, the output position is dependent upon the radius and
number of bends in the cable, as well as upon wear and/or damage.
Also, spring preload may interfere with the fail-safe functioning
of the contrcl, that is, the ability of the control to maintain
the selected load setting even though the lock of the input lever

may have failed.

A more dependable method for transfer of infinitely variable
limit-load demand is the utilization of rxotary displacement
through flexible shafting. At the input end, the flexible shaft
could be turned through, say, five complete revolutions. At the
output end, the flexible shaft would drive a worm or screw which
would translate the rotary displacement into precise linear dis-
placement. A mechanical detent or friction drag on the dial
would prevent its setting from changing due to vibration.

The worm or screw drive mechanism coupling the c¢able to the vari-
able~load mechanism is inherently capable of sustaining high re-

action lcads and cannot be back-driven, especially if the chosen

lead angle is less than 5 degrees.

13
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6.0 ENERGY ABSORBER CONCEPTS

Three major concepts wWere selected from among many possible for
development and breadboard testing or computer simulation and de-
sign analysis: wire bender, hydraulic cylinder, and tube con-
strictor. These concepts are discussed more zully in the follow-~

ing sections.

6.1 WIRE BENDER

Previous research has involved energy absorbers whose loads were

adjustable in steps (i.e., increments) by means of varying the ;
N number of wires engaged with the rolling mechanism. The tests f
; conducted in this program verified that for a fixed set of con-
ditions (i.e., wire diameter and roller positions) a predeter-
mined locad can be accurately attained by this method.

”
ensn s e L

The wire~bending device is not capable of supporting compresive
loads by itself except when packaged in such a way as to be too
long for the intended retrcfit application. For this reason,
another device to supplement the wire bender was needed. The
best choice appeared to be an inversion tube energy absorber,
already gqualified and in use on the seats of interest. In order
to conserve space and top protect the wire bender, it was decided

to package the wire bender inside the inversion tube.

For an incrementally adjustable energy absorbing system, the de-
sired load can be achieved by engaging or disengaging wires which
have been guided through and made to conform to a set of fixed
rollers. For a specific wire diameter and set of fixed rollers,
a unique lcad will be generated by pulling the wire(s) through
the roller set. Because of the packaging restraints, the con- :
figuration of the fixed rollers is limited, but there is an ¢p- '
tion on the wire diameter which can be selected to give the de~ |
sired load per wire for a given fixed roller configuration. The

e e e e el
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specific wire diameter which will create the desired load per
wire can be determined by testing.

The basis for the infinitely adjustable energy absorbing system
is similar to that for the incrementally adjustable type. That
is, for a certain wire diameter and roller configuration a spe=~
cific load will be delivered from pulling the wires through the
roller set. However, by fixing two rollers (i.e., top and bot-~
tom) and varying the center roller (by occupant control), the
load can be altered. For each position of the variable roller a
unique load, determined by the roller position, will be attained.
This works well through a range of roller positions larger than
that which was predicted analytically. Beyond that range no ad-
ditional increase in load is possible because the wire, having
conformed fully to the rollers' prefile, is incapable of further
deformation.

6.1.1 Wire~-Bender Infinitely Adjustable Control

The infinitely adjustable wire-bender energy absorbing system is
a feasible means of controlling the load by varying the adjust-
able roller positicn. However, packaging confinements create a
problem in retrofitting the variable-load energy absorber system
onto existing seats. A system was not found which would allow
the clearance necessary for the adjustable roller to perform its
function. In order to package the system inside the inversion
tube, the stroking length and/or the overall length would change.
Neither of these situations is desirable.

Due to this problem, the infinitely adjustable wire-bender energy
absorber was considered to be less desirable than some other al-~

ternatives.

6.1.2 Wire-Bender Incrementally Adjustable Control

An incrementally adjustable wire-bender system is practical and
can be accomplished within the package limitations (i.e., inside

15
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the inversion.tube energy absorber)., A system has been designed
which will allow two wires to be incrementally engaged or disen-
gaged individually using push-pull cables, thus providing three
discrete increments of load (Figures 1 and 2). The smallest in-
crement is that of the inversion tube acting alone.

There would be no increase in the envelope diameter of the energy
absorber. There would be a projection from the lower end of the
energy absorber where the push-pull control cable would enter
the engagement system. Extra cable length could be provided to
accommodate the vertical adjustment of the bucket. The t.,25=in.
travel of the cable would have to be amplified by a lever at the
centrol handle in order to provide 11.0 in. of travel. A decal
beside the control handle would instruct . the occupant in its use.
It is expected that crewmen familiar with the handle's use would
set it by feel, much as they do with the inertia reel lock han-
dle. A ball detent at the engagement pin would provide the oc=-
cupant with a positive "feel" for each of the three engagement
positions.

6.1.3 Incremental Wire-Engagement System

The wire-engagement system would be located at the lower end of
the attenuator. 1In the event that the wire(s) were engaged by
the engagement pin and the bucket stroked, they would be pulled
through the roller package (Figure 2). The roller package would
be fixed at the upper end of the attenuator (i.e., on the end of
the inversion tube). The wires could be stored below the roller
package in a helix or "S" shape.

A plastic sleeve would be used to hold the wire(s) in location
when the engagement pin was at the position which would disengage
the wire(s). In the instance that one or both wires were disen-
gaged and the attenuator was stroked, the plastic sleeve would
shear and the wire(s) would carry no load. The sleeve would also
be useful in reducing the sliding friction of the engagement pin.

lo
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Headed pin .
secured with -
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End fitting of sleeve
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T e L. - I Sﬁ¢,—Screws or bolts
NG, for attachment
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Incremental grooves on shaft :
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Figure 1. Incremental load achieved by enqaglng )
or disengaging wires.
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6.1.4 Results of Wire-Bender Energy Absorber Concepts

The incrementally adjustable wire bender is a practical solution,
but because an incrementally adjustable system is inherently in-
ferior to an infinitely adjustable system, work on the incremen-~
tally adjustable wire bender was discontinued in favor of the in-
finitely adjustable system described in Section 6.3.

As mentioned in paragravh 4 1,1, the infinital- adjustable wire
bender is not well suited Lo. .scvowiic purposes, and no further

development on this system was performed.

6.2 PASSIVE HYDRAULIC ENERGY ABSORBER

The computer simulation of this device demonstrated that effec~
tive movable weights ranging from 141 to 220 lb could be decel-
erated at nearly the same rate (see Figure 3). This was only
verified through 50 msec of the crasi _.l::., .. I, msec the in-
put acceleration reached its 48-G peak and began declining. This
discontinuity inexplicably caused the integration routine to fail

to converge properly, causing termination of the program,

The passive hydraulic energy absorber, although promising, re-
quires uncertain new technology and could not ke developed within
this project to the extent necessary to fulfill the deliverable
hardware reguirements of the contract, The passive hydraulic en~
ergy absorber is not as suitable for retrofit as other systems,
particularly because of its inherently small ratio of stroke to
package length. After analytical feasibility had been demon=-

.—‘v"zp

strated, no further development of the passive energy absorber
) was conducted.

6.3 CONSTRICTION OF A TUBE

The fixed energy absorber loads for crewseats within the scope of

this project are now provided by inversion tube energy absorbers.

19
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AfLer Lpvaeraton, tho tube gtill retairns enough ductility to allow
L 1t €0 be furcher plastically deformaed. A constricting mechanism
addad tu the inversion tube enorgy absorber was investigated for

Caladaal

Lthin putpousn (see Figure 4). Tosting in the early part of this
program indivated thet a roller mechanism, such as that shown in
Fiyute 5, 4im capable of forming grooves in the inverted tube,
thus ¢reating anough additional load to satisfy the requirements
of the variable portion of thae reguired load. The inversion of
Lhe Lybe by tteelf providaes the load required for the Sth-percen-
Lile gc¢upant, and tho constriction of the inverted tube can pro-
yide the varying dugrees of additional load required for occu~

7 pants up to the 9%th percentile. This concept was found totally

F suitable for further development and (s described in more detail :
in Bactiun 7.9,

- — . ™ -

T

P R e S R L il b al s il e " ]



wADC=-30257-690

b

M’L’ i

Inverted
~ ———,:Fm /- tube

o E /-\;l e Lr—;@—-»

’\-‘.- ~
. N / |
- \ A-A ’ F
. Groove :

i Roller 3

b

Figure 4. Rollers creating drag on inverted tube.
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Figure 5. Roller test fixtuxre (P/N 3K10251-1)
used to investigate the load created .
by pulling a tube between the rollers.
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7.0 SLLECTED DESLAN AND DELIVLFADLE HARULWARE

7.1 GENERAL FEATURES

The variable=-lcad energy absorber concept selucted to be dgval-
oped into deliverable hardware involves the constriction of the
invarted tube of an ordinary inveralon tube anergy absorber. The
final desigh concept is similar to that pravigualy Ll)lustrated in
Figure 4, except that sphoerical balls heve been substituted for
rollers. Tho balls maka it possible to raduce the package #izo,
complexity, and cost. Foatures of tLhis systom are as follows:

® The variable~load portion of ths snergy absorber uses a
by=product of the fixed-load portion, thus economising
on wqight and cost,

o Stroking longth of tha vartal)e=lead purtlon of Lhe gn=
argy absorber 48 fnharently cyual tu that ¢f the Lixed-
Joad inversion tube,

e Limwt Joad capn Lo inrinttuly adjuptable fo1 Lho vertis
cal cfivctivu walght range of 147 ww 193 1L,

o Adsugtmont can Lo parturmed thouygh a compact, ruygead
mechaniwm,

The  tube=constricting  vartablu~load wenuryy abeorher  can Le
adapted cither tu incrementsl adjustabillity ol Lo infinite ad-
Justabilivy (over the weight wpectrum of tha Sth= thiough tha
95th-purcentile ovcupanteg).  Infinfte ad)ustabijiLy wan provided
on the duliversble havdware by coupling Lhe uyperyy shisurharas Lu a
remote control dial and te vach otliury by maane of fluxible 1utary
shalty, ay shown 1n Figurg b,

Actually, the device dugws ot oftor dpalindtue adjustabilivy, thery
butng mechanical detonts at only 19-1L sncrameonta,  Howavyr, Lhe
term dnfinite remalhe ¢onvuntent Lo distingulsh this wystan 1o

a varfatjon in which only threu discrety Lncrumunty covur Lhe oo

cupant welght range from 5th- Lhiough 9%Lth=-percyntile,
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7.2 TUBE-CONSTRICTING MECHANISM

The tube-constricting mechanism increases the energy absorber en-
velope locally at the point where the inversion tube emerges from
the housing as shown in Pigure 7. The mechanism used to deform
the inversion tube consists of six spherical balls, a ball re-
taining ring and a ball adjustment ring on each energy absorber
as shown in Figure 8. Although more friction results from the
use of balls than *he rollers described in Section 6.3, the use
of balls is justified by their greater simplicity. The spherical
balls are guided within cross holes in the ball retaining ring,
which is riveted to the energy absorber housing. The adjustment
ring has six "cammed" or "ramped" surfaces which, as the adjust-
ment ring is rotated, displace the balls either towards or away

from the centerline of the inversion tube.

The rotational movement of the adjustment ring is accomplished |
by a worm gear segment attached onto the adjustment ring and is
driven by a worm which, in turn, is rotated by a flexible shaft, 3

The worm and worm gear system was selected because of its inher-~
ent self-locking characteristics (i.e., the gear is not capable
of driving the worm; the worm must drive the gear). This is im~
portant because the selected position of the adjustment rings ;
must not be affected by reaction loads of the balls acting upon ‘

the ramped surfaces.

7.2.1 Preliminary Test

R T

A breadboard test model of the deforming mechanism utilizing six
spherical balls was built and tested. The adjusting ring was f
equipped with scribe marks at every 2 degrees, and the retaining §
ring with an index mark so that degrees of rotation could be

. a

easily recorded.
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Figure 7. Increase in the energy absorber envelope where
the inversion tube emerges from the housing.
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A tube which had previously been inverted was then pulled through
the test fixture with the hydraulic ram, as shown in Figure 9, at
a rate of 1 to 3 in./min. PFor each increment of the adjustment
rotation, the load was sensed by a lcad cell and displayed on a
digital voltmeter. Figure 10 shows the fluted appearance of the
tube following the test.

It would be desirable for the total variable load absorbed to be
generated by the deformation of the inversion tube around the
spherical balls; however, an additional locad is created by the
friction from the spherical balls rotating within the ball re-
taining ring and against the adjustment ring. The spherical
balls, ball retaining ring, and the adjustment ring have no in-
herent provision for lubrication.

Because friction should be kept to a minimum, Teflon or graphite-
type, etc., lubricant coating needs to be applied to the surface
of the inversion tube. The coating must also provide corrosion
protection. This coating can either be a dip or spray-on type,
and must have the capacity to adhere to the tube surface as the
tube is inverted during stroking. It is also undesirable for the
coating to flake or peel off at the point where the spherical
balls are deforming the inversion tube.

Teflon coating was chosen because it exhibits the best combina-
tion of properties meeting the above~mentioned regquirements,
Figure 11 shows the load-versus-rotation characteristics for both
lubricated and unlubricated inversion tubes.

7.2.2 Incrementally Adjustable Control (Not Built)

A tube-constricting mechanism adapted to incremental c¢ontrol
which would cover the occupant weight range in three discrete in-
tervals was 1investigated on paper only; no hardware was built.

28
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Figure 9. Breadboard testing of the deforming mechanism
using a previously inverted tube.

Figure 10, Fluted (i.e. grooved) appearance cf the
inversion tube after breadboard testing.
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As shown in Figure 12, it would share many similarities to the
"infinitely" wvariable design. Ilajor differences would include:
the cam surfaces which govern the radial position of che balls
having tinree steps rather than being continuous, a spring-lcaded
mechanical detent being required to position the steps to align
themselves with the balls, and remote control being accomplished
by a three-position lever mechanism similar to an inertia reel
centrol handle.

7.3 REMOTE CONTROL MECHANISM

As previously described, the worm screw of one energy absorber is
connected to the remote control dial by a flexible rotary shaft.
Another short flexible rotary shaft connects that worm to the
worm of the other energy absorber. In this manner both deforming
mechanisms are positioned simultaneously and accurately by the
control dial.

For test purposes the control dial was lozated on the bucket of
an SH~60B Seahawk (LAMPS) crewseav adjacent to the right shoulder
of the seated occupant as shown in Figures 13 and 14. The dial
can be easily turned by grasping its knurled rim as shown in Fig-
' ure 15, As the dial is turned, weight graduations engraved upon
it appear in the window of the housing. An exploded view of the

dial, housing, and cable connection can be found in Figure 16.

A ring gear on the dial drives a pinion gear on the flexible

L&' shaft with a 1l:6 ratio. This permits the non-uniform spacing of
N the weight graduations to be contained within one turn of the
}f! dial, while, at the same time, the flexible shaft rotates through
.14 many revolutions. The multiple revolutions of the shaft are im~
W portant for two reasons: first, angular deviaticns resulting
bﬂ from cable flexibilitics are reduced to a small percentage of the

toctal rotation, thus incrcasing signal transmission accuracy;
second, the worm screws at the driven end o¢ii the flexible shaft

reguive many turns to move the adjusting ring on the cnergy ab-

sorber.,
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Figure 13. Control dial
located adjacent to the
occupant's right shoulder. %

|
i
{
Ak . Y TE1l TOYV e rene ""4. y




e

Q:‘L'

Fiqure 1%.

Figure 14,

A=Y sasty : P M N9 Tw g,

yoration of ths control dial Le esolly
parfurmed Lu allow Lhe cooupant Lo adjuet
the aystem Lor Lis estimated walyht,

. n
+ 1
LNy, :
. . e ?4a5h44y4“4
Tt
= £

. R
Ciareglr by,
.

Yxplodod viaw of Cho control) whowing tha
dial, housting, snd cablle gunnadctlion,

34

e

{_

i
CE BENNTY NN A I Ry S L 1V T R em--v-'v-!'—r'-u_’_-vv_‘mmmm—:l




AlLC=80257-60

The prafarred poans of attaciilzng the flexibie shaft to the pinion
goar 14 wllustrated 1n Figure 17. The actual hardware attach-
Mmant, a8 Lt appears in other photographs, differed in order to
make uso of more readily available flexible shafts.

7.4 CALIBRATION OF THE CONTROL DIAL

1t. was decided that the graduations on the coﬁtrol dial should
dinj-lay tho total weight of the occupanft. plus the eguipment ~axz-
t1od on his body., Opuerator instructions explaining this z-. .__
playad on tho control housing as shown in Figure 18. Graduations
ap.pear on the dial 4in 10-lb increments, and a spring-lcaded me-
¢hanical detont holds the dial in place when one of those gradua-
tions appears in the window of the housing. Underlined numbers
in the "Total Weight" column of Table 1 show the weight incre-
monta chosen to boe displayed, The "Static Load Per E/A" column
in Lhe mamu table shows static eneryy absorber loads correspond-
1y Lu <ach value in the "Total Weaght" column.

A nonlingar rulotionshilp exists bhetween control dial rotation and
ptatic load; therefore, the graduations cannot be placed at equal
angular intervals around the control dial. Correct locations of
the gygraduations on the dial were determined empirically by the
tu]lowing method. The variable~load enecgy absorber assembly was
atLached Lo a hydraulic cylinder and load cell as shown in Figure
19, The onerygy abscrber was then stroked at a rate of 2 in./ﬁin.
M the 1nverslion tube was being stroked, the control dial was ad-
junted to achieve the largest precalculated static load reading
trom the "static Load Per E/A" column of Table 1 as indicated by
the load cell digital readout, The control dial was then marked
tv indicate 240 1b {s¢e Table 1). The control dial was adjusted
again (thus turning the adjusting ring on the energy absorber) to
achyeye the next lower predetermined load cell reading and the

cuntral Jdral marked, cete,
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Figure 19. Test set-up for calibrating
the control dial.
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This procedure for calibrating the control is the most accurate
way to ensure that the load generated by the variable-load device
is in conjunction with the control dial reading. The dial, thus
calibrated in conjunction with one variable-load energy abscrber,
is compatible with all similar energy absorbers manufactured to
normal production tolerances., Similarly, any dial from a pro-
duction run of dials whose graduations are spaced the same as the
empirically determined dial would be compatible with any such
production energy absorber.

7.5 PRECALIBRATION OF EACH VARIABLE-LOAD ENERGY ABSORBER

The following procedure was used to calibrate the tube-constrict-
ing mechanism of each energy absorber. The adjusting ring was
rotated to bring all balls lightly into contact with the inver-
sion tube (60 in.-lb torgue) creating a no-locad condition in
which the steel balls will not deform the inversion tube as it
strokes, thereby adding no additional 1load to the energy ab-
sorber. This no-load position was then permanently recorded by
scribing a line on the housing adjacent to an index mark on the
adjusting ring. The adjusting ring was then rotated to the an-
gular position' (found in previous testing) which permanently
dents the balls intc the tube slightly beyond that which is re-
gquired to obtain maximum load. The adjusting ring was then
turned to realign the scribe mark with the index mark. 1In this
no-locad position the deforming mechanism can be synchronized to
the remote control dial, which itself is set to its minimum read-

ing.
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8.0 RETROFIT INSTRUCTICNS

8.1 ITEMS REQUIRED

The following is a list of items required to retrofit existing
seats with variable-load energy absorbers:

2 -~ Variable-Load Energy Absorbers

-
1

Deforming Mechanism Control with 36-in. long flexshaft .
attached

- Flexshaft (9.87 in.)

- Modified Spacer for Linear Bearing
Worms

- Roll Pins (5/64 diameter)

- Coupling Shaft

[ SR C I SV S
]

8.2 RETROFIT PROCEDURES

1. Remove upper right-hand outboard linear bearing spacer,
2. Replace bearing spacer with modified spacer (see Figure 20),

3. Install control (with instructions facing seated occupant)
and tighten bolt. Torque to 60-80 in.-1lb. (see Figure 21).

4, Preassemble the energy absorbers. (This will be performed
by the contractor.)

a. Left~hand energy absorber:

Turn the adjusting ring to align the scribed marks (see
Figure 22). Install worm and 9.87-in. long flexshaft
- to the worm bracket and retain with the 5/64~diameter
roll pin (see Figure 23).

b. Right~hand energy absorber:

Turn the energy absorber adjusting ring to align the
scribed marks. Install the worm and shaft to the worm
bracket and retain with the 5/64~diameter roll pin (see
Figure 24).
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Bearing
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Figure 20. Modifiaed bearing spacer r

"
e}

g

Lo TN

Figure 21. Mount control with {nstructions .
facing opuratoxr.
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3. Remove exlating energy absorbers and install variable-load
devices with worm bracket towards seat bucket (see Fig-
ure 25).
6. Set control dial for 152 1b (i.e., total minimum occupant i
weight) ., ]
7. Check the alignment of the scribed marks. Turn worms if ne-

cessary to precisely align the marks.

i

8. Make a loop in the long flexshaft from the control, insert
free end onto coupling shaft (end nearest control), and se-
cure with set screw. Verify that control dial reads 152 1b
when scribed marks on energy absorber are aligned.

-

9, Install short flexshaft (9.87 in., long) female end onto
coupling shaft and retain with set screw.

10, vVerify that, for a control dial reading of 152 lb, scribe
marks on both ecnergy absorbers are aligned.

11. Realign if necessary. "%
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Figure 25._

HACC-30237=50

Variable—icad attenuators
installed on seat (worm
bracket towards seat).
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9.0 CONCLUSIONS

i

The oblectives of the program, *o design, develop, and test a
variable~ioad enerygy absorber, have been achieved. The inversion
tube energy absorbers, in conjunction with the tube-constricting
mechanizm and remote control, allow the occupant to select the
limit load of an energy absorbing seat to correspond with his
total weigiat, This is accomplished by having the occupant adjust
the control dial to indicate his estimated weight, including
clothing and equipment, a procedure which should be performed
during tue preflight check. Once tie control dial is set for the
occupant's weight, no furthex action by the occupant is required.
The control dial has a detent mechanism which will prevent the
control from moving due to vibrations during flight. Alsce, the
worm and worm gear on each deforming mechanism are self~locking
and regquire an input from the control to move. This is an impor-
tant aspect because, as the eneirgy absorber strokes, it 1s not
acceptable for the locad to change from the occupant's initial
setting.

The control is a rugged and :ompact unit, which is easily acces~-
sible and is adjusted by sigyht, The instructions are clear and
simple, thus reducing operator error. Rotary flexible shafts
are used to transmit the motion from the control to the tube~
constricting mechanisms on the variable-~load energy absorbers.
They transmit rotary motion in both directions accurately and

consistently.

The variable~load energy absorber achieves its total load from
two sources. The first is a fixed-load inversion tube energy ab-
sorber identical to the ones currently in use on the crewseats
for which its use 1s intended, except that its limit load is set
for the G5th-percentile 1lightly equipped occupant. The second
source of load is variable and utilizes constriction of the
already~inverted tube. Because the variable-load portion of the
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energy absorber uses a by~product of the fixed=load portion, its

stroke is inherently long enough, and weight and cost are mini-
mized,

The ovrrall package size of a fixed-lnad inversion tube energy
absort was not increased much by the addition of the prototype
tubo~cunstricting mechanism. In its production form, the tube
congtrictor could be even more compact due to integration of dif-
foront components with each other. The variable-load energy ab-
sorber system, in its production form, would weigh only about
1 1b more than existing systems. The above-mentioned features
indicate that the variable=~]oad energy absorber and the remote

manual control system meet the ultimate retrofit goals of the
program.
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. 10.0 wECOMMENDATIONS

Tests, including a drop test and evaluation by pilots of the con-
trol dial and its lccation, should he performed on the SH=608
crewseat, Data from testing and evaluation should be analyzed to
identify poesible improvements and to determine Lf further test-
ing is reqguired using the same variable system or a modification
of this system.

Preliminary studies will be necessary to determine the variable
energy absorber characteristics required for the UH-60A and
AH-64A crewscats. Minor wvariations of the concept developed
thue far will probably he necessary to sarve the unigue require-
ments of those seats. Different bucket weights, occupant weight
ranges, energy absorber lengths, and stroking distances all have
to be accommodatad. Also, the lccation of the control dial and
routing of the control cables will differ from those of the
5i~60B because ul differences in the zeat configuration, A modi=-
fication of the control diel will probably he necessary due to
the mounting charactaristics of the UH-60A and AH~64A crewseats,
Additional tests and evaluation of the variable-load energy ahbh-
sorption system on the UH-60A and AH=-64A crewsecats will be neces-
sary. A testing and evaluation schedule, similar to that for the
SH-60B, should be established.

1f the tests prove successful, then production design and cost
estimation ghould be performed. A "value analysis" of the prod-
uction design, including the selection of manufacturing methods,
should be performed. For example, the prototype control dial and
housing were completely machined (hogged-out), For production,
these parts could easily be cast and have only the neccssary fea-

tures machined on them to reduce costs.

Followingy a final design review and approval by the branch of the
armed services who will use the product, a vendor should be se-
lected to initiate limited production of the variable~load energy
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absorber. Additional drop tests and flight evaluation may then :
be desired. After the final testing and flight evaluation, a g
full production and retrofit program could be initiated.,
k!
b
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